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© Method of making motor stator. 

© A method of making a single piece stator (2) for electric 
motor utilizes a die cavity having a castellated inner surface 
end radially extending portions along its outer surface A 
magnetic material filling the die cavity is sintered after a first 
densification and prior to a second densification and prior to 
a second densification, and wire having a heat bondable 
material over electrical insulation is used to size the interior 
diameter of the stator. 
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' METHOD OF MAKING MOTOR STATOR 

Torque motors are either dc commutator or brushless 
synchronous machines operated in the torque (zero or low-speed) mode* 
The stators of conventional torque motors include a high silicon steel 
toroidal core constructed of either circular individual laminations or tape 
wound from a continuous strip. After formation, the stator core is 
toroidally wound with an appropriate number of coils for its rotor and 
application! and is then surface encapsulated in an electrically insulating 
material to provide electrical insulation and mechanical strength and to 
control the internal diameter clearance for its rotor. Mounting brackets 
and, in some instances, cooling fins^are then attached to the stator. 

Torque motor stators of the foregoing conventional 
construction are subject to thermal and mechanical distortions. 
Although the peak torque of a torque motor is limited by magnetic 
saturation of the stator core, the continuous torque of the motor is 
limited by excess heat generation the motor. Encapsulation of the 
stator core and coils impedes the dissipation of heat produced by the 
operating current in the motor windings, thereby promoting thermal rise 
and thus limiting continuous torque. Mechanical distortions result 
in part from inadequate provisions for mechanically mounting of the 
stators requiring separate mounting brackets, and from the use of 
different materials for the stator core, encapsulant, and mounting 
brackets. Those different materials react differently to thermal rise due 
to their different coefficients of thermal expansion, and such differing 
reactions produce mechanical distortions. Since the clearance between 
the stator and rotor of torque motors is very slight, mechanical 
distortions can result in motor failure. 

In addition to the distortion drawbacks of conventional torque 
motor stators, such stators have an economic drawback due to the high 
cost and complexity of their process of manufacture. Also, it can be 
difficult to control the internal diameter of the stator, thereby making it 
difficult to provide the desired very slight stator/rotor clearance. 
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In accordance with the invention, a single cavity mold or die 
and high purity powered iron are used to provide a low cost, single piece, 
sintered toroidal core for the stator of a torque motor. The mold for the 
core provides for axial through holes for mounting, and integral heat 
radiating fins. Casteliation of the mold surface permits the stator 
windings to be sufficiently removed from the toroidal surface such that 
flush mounting can be achieved conveniently without the need to 
encapsulate the entire assembly. The integral mounting and heat 
dissipation arrangements, and the limited encapsulation, significantly 
reduce mechanical and thermal distortions, thus contributing to increasing 
the available continuous torque of the motor. The present invention also 
substantially reduces the cost of mounting, centering, and subsequent 
assembly of the motor into its final configuration, as well as simplifying 
the attachment of ancillary devices, such as position and velocity 
transducers. 

The present invention will now be described by way of example 
with reference to the accompanying drawings, in which: 

Figure 1 is a perspective view of a motor stator during one 
step of the processing thereof; 

Figure 2 is a perspective view of a wired motor statorj 

Figures3Ar3D " are sectional views depicting the steps of 
making a motor statorj 

Figure ft is a perspective view depicting further processing of 
a wired motor stator^. and 

Figure 5 is a plan view of a die used in the process of making 
a stator motor. 

The motor stator and its method of manufacture will be 
described in relation to a four-pole torque motor. It is contemplated, 
however, that the invention will apply equally to motors having more or 
less than four-poles, and to tachometers. 

Referring now to Figure 1, there is 
shown a single piece toroidal stator core 2 made of highly 
compressed and sintered high purity powdered iron or powdered iron and 
other powdered material to improve, magnetic properties. Core 2 
includes heat radiating fins ft and is provided with axial through holes 6 
for mounting. In addition, core 2 is in a castellated form, 
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having crennelled portiere S and merlon portions 10. As shown in Figure 2, 
each of the crennelled portions 8 is encircled with a toroidally wound 
stator coil 12. Each coil 12 is comprised of wire of appropriate 

gauge for the motor application, and preferably the wire has a heat or 
solvent-activated bondable coating over its electrical insulation. 

The integral heat radiating fins * and the holes 6 respectively 
obviate the need for separate cooling and mounting attachments, such 
that mechanical and thermal distortions are reduced during stator 
operation, making it possible to increase the available continuous torque 
of a motor using the disclosed stator. By winding the stator coils within 
the crennelled portions 8 of the stator core 2 and by overcoating the 
stator coils with a heat or solvent-activated bondable coating, the stator 
will have a substantially smooth inner surface thereby permitting, 
without the need to totally encapsulate the stator, accurate stator/rotor 
clearance. 

Due to the employment of a powdered metal as the stator 
material, the entire toroidal stator core can be fabricated completely in 
a single cavity mold with no need for additional secondary machining 
operations. Thus, the stator of the invention will have a reduced cost 
relative to conventional stators. 

Fabrication of the stator is initiated by the formation of a die 
18 having a spring loaded center 19 and a generally toroidal cavity 21 
shaped to correspond to the desired shape of the stator core. 
Specifically, as shown in Figure 5, cavity 21 has an outer surface with 
radially extending portions 4A to provide for cooling fins and an inner 
surface that is castellated 8A-1QA. Pins 6A extend axially into the cavity 
adjacent the radially extending portions 4 A to provide for mounting holes. 
The material of the die can be tungsten carbide. As shown in Figure 3A, 
cavity 21 of die 18 is filled with high purity, high compressibility, 
sinterable iron powder 20, such as, for example, Ancorsteel 1000B. 
Powder 20 could be a mixture of iron powder and ferro-phosphorous 
powder, such as, for example, Ancorsteel which would provide a 
stator with improved magnetic properties and would permit reduced 
compacting pressure, sintering time and sintering temperature. The 
material filling cavity 15 is now compressed (Figure 3B) to a "green" 



0064846 



-4- 

preform having a density on the order of 7.3 g/cm 3 . The preform 22 is 
now ejected from the die and placed in a furnace 40 (Figure 3C) with a 
controlled-atmosphere, such as an inert gas, until sintered. The sintering 
temperature and time would depend upon the content of powder 20, a 
temperature of about 1,120°C for about thirty (30) minutes will 
adequately sinter Ancorsteel 45P. The phosphorous content of 
Ancorsteel 45P is controlled at a level where there is little change in the 
preform size during sintering, thereby permitting good dimensional 
control* 

Following sintering! the preform is transferred (Figure 3D) to 

a hot press forge 42 operating at a temperature, for example, 1100°C, and 

2 

. a pressure, for example,of 517M^m that will remove voids and ensure 
complete densification of the powder 20* such density being about 
S.6g/cm 3 when Ancorsteel 45P is used. It is important that the transfer 
time between furnace and press is at a minimum if atmosphere 
protection is not provided. Too long an exposure would cause penetration 
of oxide along the interconnecting pores of the preform, which is still 
relatively porous before densification by the press. 

When ejected from the press, the preform has the 
configuration of the stator core of Figure 1. Now the stator core is 

coated (not shown) with a thin 0.05-O.lmm layer of an electrical insulating 
material, such as by dipping the stator core in a varnish or epoxy bath. 
This insulating layer prevents shorting of the stator coils 12 should a 
portion of any of them be nicked or cut during the conventional winding 
process which results in the stator device of Figure 2. As noted, the 
stator coils are formed preferably from wire having a heat or solvent- 
activated bondable coating over electrical insulation. When such wire is 
used for the stator coils, the next step in the manufacturing process is to 
form and precision size the inside diameter of the stator. As shown in 
Figure 4, such precision sizing is achieved by inserting into mounting 
holes 6 the registration pins 26 of a forming mandrel 28 having an outside 
diameter corresponding to the desired inside diameter of the stator. In 
effect, the mandrel 28 will contact stator coils 12 and force them into 
the desired radial, position. The radial position of the stator coils is now 
permanently fixed, such as by heating the mandrel via wires 30 when the 
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stator coils have a heat activated bondable coating thereon. 

As described, the entire stator coil is fabricated using a 
single mold with no need for additional secondary machining operations. 
This approach not only reduces substantially the cost of the torque motor 
stator, but substantially simplifies and reduces the cost of both mounting 
(mounting holes are integral to the stator core) and heat dissipation 
(cooling fins are integral to the stator core). Also, mechanical and 
thermal distortions are limited, since the stator core, mounting means 
and cooling means are all of the same material, thereby increasing .the 
continuous torque limits of a motor using this stator. 
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Claims 

1. A method of making a stator for a motor or like rotary 
machine by a sintering process including the steps of: 

forming a die with a cavity the outer surface of which has 
radially-extending portions and the inner surface of which is castellated, 
and having pins extending parallel to the axis of the stator, 

filling said cavity with a sinterabie powder having magnetic 

properties, 

compressing said powder to a cohesive mass having a first 

density, 

heating said cohesive mass to provide a sintered mass, 
compressing said sintered mass to a second density greater 

than said first density, and 

encircling portions (8) of the highly compressed sintered mass 

with wire coated with an insulating material. 

2. A method as claimed in claim 1, including the steps of using 
wire having a heat activated bondable material over electrical insulation, 

inserting a heatable mandrel into the center of said 
compressed sintered mass with encircling wires, and 

heating said mandrel sufficiently to activate said bondable 
material to cause the windings (12) to present part-cylindrical surfaces 
having a common radius. 

3. A rotary electrical machine having a rotor and a stator (2), in 
which the stator is made from an integral mass of sintered material 
having heat exchange portions (4) angularly spaced apart by arcuate 
portions on which are disposed windings (12) of insulated wire. 

4. A machine as claimed in claim 3, in which the wire is provided 
with an additional or substitute heat-bondable coating, and in which the 
stator has been subjected to a heat-shaping process by which the wires 
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become bonded together and cooperate with portions (4) to define a 
dimensionally-'stable hollow cylindrical surface to receive a rotor with 
little and uniform radial clearance. 

5. A machine as claimed in claim 3 or 4, in which each heat 
exchange portion (4) is formed with a plurality of longitudinal and radial 
fins (4). 

6. A machine as claimed in any of claims 3-5, in which each 
portion (4) has in it a passageway (6) extending parallel with the stator 
axis for receiving a mounting bolt or like device. 
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® Method of making motor stator. 

© A method of making a single piece stator (2) for electric 
motor utilising a die cavity having a castellated inner surface 
and radially extending portions along its outer surface. A 
magnetic material filling the die cavity is sintered after a first 
densification and prior to a second densification, and wire 
having a heat bondable material over an electrical insulation 

is used to size the interior diameter of the stator. s 
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[57] ABSTRACT 

Without exception, the iron sheets of the stator teeth of 
electric motors are up to now produced by stamping. 
The invention relates to electric motors in which the 
stack of iron sheets of the stator is largely composed of 
rectangular metal sheet strips cut from a strip. 

6 Claims, 11 Drawing Figures 
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FIG. 5 is a partial side sectional view of a stator con- 
STATOR FOR BALL MOTORS structed according to the invention in which the ends of 

strips forming a stator tooth are beveled; 
The invention relates to a stator for ball motors the FIG. 6 is a plan view of a sheet of material illustrating 
stator teeth of which consist of strips of a metal sheet S the dimensions of individual strips sheared from the 

Ball rotors of spherical type electric motors are cha- sheet; and, 
racterised by the fact that the rotor is magnetically FIG. 6A is a side edge view of a strip sheared from 
supported and stabilised and are increasingly gaming in the sheet of FIG. 6. 

significance. The teeth of such as motor are formed by FIG. 1 shows the plan view and longitudinal section 
sheet metal strips which are positioned to extend either 10 of a stator according to the invention having a plurality 
radially, that is to say which enclose triangular air of teeth 12 which extend radially and parallel with 
spaces between them, and which end at the surface of respect to the center line of the stator. The return-path 
the spherical air gap and thus require the ends of the individual rectangular shaped strips 1 have stepped 
strips to be appropriately shaped or they form projec- recesses 2 into which the strips 3, 4, 5 and 6 have been 
tions of a spirally wound sheet metal coil which extends IS pressed in accordance with the direction of the arrow 7 
in the circumferential direction. Both embodiments to form a stator tooth 12. As shown, the strips of each 
require the use of complicated stamping tools to impart tooth decrease in width in a direction radially inwardly 
the required shape to the strips or to the coil Embodi- of the center line of the stator. Each tooth is is con- 
men ts wound in the shape of a spiral coil also necessitate nected at one end to an isolating cap 8 by a pole shoe 9 
the ends of the coil projections be ground to a contour 20 of soft iron the concave surface 10 of which follows the 
complimentary in shape to the air gap. The sheet metal cap 8 whereas the convex surface 11 is constructed to be 
wastage for both embodiments is about 40%. stepped to conform to the stepped ends of the strips 3-6. 

The invention relates to stators with teeth which are FIG. 2 and FIG. 2A shows a different form of the 
not subject to these disadvantages. According to the return-path sheets 20, 22, 24 and 26 which have decreas- 
invention, the teeth extend radially to and parallel to the 25 ing diameters so that the return-path sheet 20, which 
axis of rotation of the rotor where each tooth comprises can also consist of a plurality of thinner sheets, has 4 
a plurality of individual rectangular shaped adjacent steps 21 whereas the return-path sheet 22 has only 3 
strips where the width of adjacent strips decreases radi- steps, the return-path sheet 24 has only 2 steps 25 and 
ally inwardly towards the center of the stator. This return path sheet 26 has only 1 step 27. 
makes it possible to cut the strips of sheet metal required 30 FIG. 3 and FIG. 3A shows a similar arrangement in 
for the teeth from an endless strip without wastage. The which the return-path sheets 30, 31, 32 and 33 are con- 
magnetic return path is provided via discs yokes which structed to be circularly cylindrical and the strips 34, 35, 
have stepped recesses and thus create a continuous 36 and 37 are bent along their width in such a way that 
magnetic transition from the strips of sheet metal with they follow the contour of the return-path discs 30, 31, 
different extent and length in azimuth to the magnetic 35 32 and 33. 

air g a p. FIG. 4 and FIG. 4A shows a pole shoe element in 

Thus the invention consists in that rectangular strips which all pole shoes are formed of a ring 40 in which, 
of sheet metal which have been produced by wasteless on its convex side, steps 41 are arranged, for example by 
shearing and which have different widths and lengths turning, in which arrangement the poles 42 are sepa- 
are combined to form teeth and are joined to each other 40 rated from one another by radial slots 43. 
at one end by means of sheet metal discs having stepped FIG. 5 shows an embodiment in which the steel-plate 
recesses and at the other end terminate near the surface strips 50, 51, 52, and 53 at their ends facing the cap 8 
of the spherical magnetic gap. Accordingly, the strips have bevels which largely follow the contour of the 
of sheet metal have increasingly greater widths and cap. These bevels 54 and 55 can be generated by oblique 
greater lengths, when viewed radially outwardly from 45 shearing but they can also be produced by rolling m 
the center of the stator. In order to match the sheet which case the inclined surfaces then will be located on 
metal parts to the spherical shape, the ends of the strips circular arcs, seen in cross-section, 
can have bevels produced by rolling or connect at their FIG. 6A shows a sheet metal strip which is shown 
ends to pole shoes having a stepped surface, with exaggerated thickness and in which the bevels 60 

The invention will be described with the aid of fig- 50 and 61 have been generated by rolling. FIG. 6 shows 
ares, in which: that cutting a sheet of strip material 64 along the cutting 

FIG. 1 is a plan sectional view of a stator constructed line 62 produces two strips which are then cut apart 
according to the invention; along the markings 63 to form a plurality of rectangular 

FIG. 1 A is a side sectional view of the stator of FIG. individual strips 65. 
j. 55 I claim: 

' FIG. 2 is a plan sectional view of a further form of a 1. A stator for a spherical rotor type electric motor 
stator constructed according to the invention having where a spherical air gap separates the rotor from the 
return path elements or yokes of decreasing diameter; stator, said stator comprising a plurahty of stator teeth 

FIG. 2A b a side sectional view of a portion of the extending radially and parallel to the center line of the 
stator of FIG. 2; *0 stator, each of said teeth having a plurality of individual 

FIG. 3 is a plan sectional view of a still further form rectangular shaped adjacent sheet metal strips where 
of a stator constructed according to the invention; adjacent strips contact each other on oppositely facing 

FIG. 3A is a side sectional view of the stator of FIG. surfaces along the length of the strips and where the 
3 . widths and lengths of said adjacent strips decrease radi- 

' FIG. 4 is a plan view of a pole shoe element in the 65 ally inwardly towards the center of the stator wherein 
form of a ring- the ends of the teeth facing the air gap are connected to 

FIG. 4A is' a side sectional view of the pole shoe pole shoes each of which has a concave spherical sur- 
element of FIG. 4 applied to a stator; face complementary to the spherical air gap on one side 



3 



4,471,253 



thereof and a stepped configuration on an opposite side 
thereof to contact the ends of the strips of each of said 
teeth. . 

X A stator according to claim 1 wherein all the pole 
shoes are included in a single pole ring with adjacent 
pole shoes being separated by a slot in the ring. 

3. A stator according to claim 1 wherein the ends of 
the strips facing the air gap are beveled to substantially 
form a concave spherical surface complementary to the 
spherical air gap. 

4. A stator according to claim 1 wherein the ends of 
each of the strips opposite the ends facing the air gap 



contacts a return path yoke on at least two edges of the 
strip. 

5. A stator according to claim 4 including a plurality 
3 of adjacent return path yokes and wherein the diameter 

of a return path yoke closer to said ends facing the air 
gap is less than the diameter of a return path yoke fur- 
ther from said ends facing said air gap. 

6. A stator according to claim 1 wherein each said 
10 strip is slightly bent along its width to conform to the 

periphery of said stator. 

o o * 0 o 



IS 



20 



25 



35 



40 



50 



55 



60 



65 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGD3LE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




GRAY SCALE DOCUMENTS 



'LINES OR MARKS ON ORIGINAL DOCUMENT 



